7-14 years old) and 42 ASD children (38 males; 8-14 years old). T1-weighted structural MRI was obtained. Using single dipoles anatomically constrained to each participant's left and right Heschl's Gyrus, left and right 40-Hz ASSR total power (TP) and intertrial coherence (ITC) measures were obtained. Associations between 40-Hz ASSR TP, ITC and age as well as STG gray matter cortical thickness (CT) were assessed. Group STG function and structure differences were also examined. Results: TD and ASD did not differ in 40-Hz ASSR TP or ITC. In TD and ASD, age was associated with left and right 40-Hz ASSR ITC (p < 0.01). The interaction term was not significant, indicating in both groups a ∼ 0.01/year increase in ITC. 40-Hz ASSR TP and ITC were greater in the right than left STG. Groups did not differ in STG CT, and no associations were observed between 40-Hz ASSR activity and STG CT. Finally, right STG transient γ (50-100 ms and 30-50 Hz) was greater in TD versus ASD (significant for TP, trend for ITC).
Introduction
γ-Band abnormalities ( ∼ 30-80 Hz) are hypothesized to contribute to brain dysfunction and clinical symptoms in psychiatric disorders such as schizophrenia [1] , autism spectrum disorder (ASD) [2, 3] and attention-deficit/hyperactivity disorder [4] ). Whereas increased resting-state γ power has been reported in resting-state studies of schizophrenia [for a review, see 1 ], decreased task-related γ activity has been reported in perceptual closure tasks [5] [6] [7] and face processing tasks [8] . Similar findings have been observed in ASD [for a recent review, see 2 ]. For example, whereas increased γ activity has been reported in resting-state studies in ASD patients [9, 10] , decreased task-related γ activity has been reported in perceptual closure tasks [11] and face processing tasks [12] . Researchers speculate that treatments normalizing γ rhythms will lead to clinical improvement. Behavioral [13] and pharmacological studies [4, 14] have provided some support for this claim.
Across disorders, γ abnormalities are thought to reflect synaptic and local circuit dysfunction, with γ abnormalities due, in part, to abnormal excitatory/inhibitory balance in cortical microcircuits [15] . At the local circuit level, γ activity is generated through feedback inhibition on pyramidal neurons by synaptically and electrically connected networks of fast-spiking interneurons expressing the calcium-binding protein parvalbumin [16] . Recent optogenetic studies have shown that activation of parvalbumin interneurons is both necessary and sufficient to generate γ oscillations in the mammalian cortex, which in turn regulates cortical information processing [17] . These studies have demonstrated that an increase in the excitatory input to these fast-spiking interneurons via selective optogenetic stimulation leads to an increase in γ activity. Although the precise network and synaptic mechanisms underlying these effects remain unclear [18] , phasic inhibition mediated by fast-spiking interneurons appears to be to the driving force behind γ oscillations [19] , as opposed to tonic GABA A agonist application. Further details regarding the generation of γ cortical rhythms are described in a recent review [20] .
Brain neural activity is noninvasively assessed using electroencephalography (EEG) or magnetoencephalography (MEG). EEG and MEG activity is typically examined in frequencies ranging from δ (1-4 Hz) to γ ( ∼ 30-80 Hz). θ and δ activity is sometimes easier to record compared to γ activity as the strength of neural activity is inversely proportional to frequency. A strategy to increase the γ signal has been to 'drive' γ networks. In the auditory system, this is often accomplished using auditory 40-Hz steady-state stimuli: 40-Hz click trains or 40-Hz amplitude-modulated tones. In adults, primary/secondary auditory cortex neurons entrain best to 40-Hz stimuli versus other driving frequencies [21] [22] [23] [24] [25] . Almost all studies examining 40-Hz auditory steady-state responses (ASSRs) in schizophrenia have reported abnormalities [21] [22] [23] [24] [25] [26] , and the few studies examining 40-Hz ASSRs in ASD or ASD family members have also observed abnormalities [27, 28] .
Although in adults 40-Hz click trains and 40-Hz amplitude-modulated tones produce 40-Hz ASSRs that are easily measured, there is evidence that 40-Hz auditory steady-state stimuli do not produce measurable driving responses in infants and children. For example, Maurizi et al. [29] observed poor test-retest 40-Hz ASSR reliability in 32 full-term newborns and in 10 children aged 5-8 years, and Stapells et al. [30] saw no clear 40-Hz ASSR in infants aged 3 weeks to 28 months. Aoyagi et al. [31] , examining sedated subjects, showed that in young children the 40-Hz ASSR is difficult to elicit, becoming increasingly detectable from 6 months to 15 years. Using MEG to examine 40-Hz ASSRs in 69 healthy participants aged 5-42 years, Rojas et al. [32] concluded that full development of left-and right-hemisphere 40-Hz ASSR neural generators are not complete until early adulthood. Examining 188 individuals aged 8-22 years, Cho et al. [33] observed 40-Hz ASSRs evoked power and phase locking increasing from 8 to 16 years, and then decreasing towards 22 years of age. Increases in the strength of the 40-Hz ASSRs were especially marked between late childhood (8-10 years) and early adolescence (11-13 years). The decrease in 40-Hz ASSRs in the early adulthood group (20-22 years) versus the younger groups is consistent with Edgar et al. [26] , who observed linear decreases in the strength of 40-Hz ASSRs from 21 to 58 years, with approximately 15% of the decrease in 40-Hz ASSRs associated with normal age-related decreases in gray matter cortical thickness (CT). Finally, in the only longitudinal study, Poulsen et al. [34] examined changes in 40-Hz ASSRs in adolescence at two time points: 10 and 11.5 years of age. They observed larger left and right 40-Hz ASSRs at 11.5 versus 10 years of age. Comparing the 11.5-year-old participants to adults, no differences in superior temporal gyrus (STG) 40-Hz ASSR source strength were observed. Although the findings of Poulsen et al. [34] differ somewhat from those of Rojas et al. [32] and Cho et al. [33] , as they suggest that full development of the 40-Hz ASSR may be observed during early adolescence rather than early adulthood, research in this area generally indicates that 40-Hz ASSRs are not easily recorded in younger populations. Thus, although there is a move in the field to conduct imaging studies in young populations in order to understand brain abnormalities prior to and at the onset of disease, the use of 40-Hz auditory steady-state tasks to examine auditory γ activity may not be as useful in these populations.
The present study further explored this issue, examining a large number of typically developing (TD) participants 7-14 years old to estimate changes from childhood to early adolescence. Given that Heschl's Gyrus (HG) is the primary generator of the magnetic 40-Hz ASSR [35] [36] [37] , 40-Hz ASSR activity was estimated from sources anatomically constrained to each participant's HG to obtain an optimal estimate of γ activity even in the presence of low signal. Furthermore, given that a previous study showed associations between 40-Hz auditory steady-state activity and STG gray matter in adults [26] , STG graymatter CT measures were obtained and function-structure associations were examined. Finally, given putative 40-Hz abnormalities in adults with ASD, we hypothesized that a sample of ASD youth would show decreased total power (TP) and decreased intertrial coherence (ITC) in the 40-Hz ASSR relative to the TD group.
Subjects and Methods
Participants MEG data were obtained from 56 TD children (53 males; 7-14 years old) and 55 children with ASD (51 males; 8-14 years old). Of these 111 participants, MEG data were lost due to insufficient trials [<50 trials (n = 6)], noisy MEG data due to metal artifacts (n = 2), MEG technical problems (n = 6) or no 50-ms (M50) response in the left and right hemispheres, perhaps suggesting auditory stimuli were not adequately heard (n = 7). The demographics and results reported below are for the evaluable sample of 48 TD and 42 ASD participants.
All participants were selected according to the following criteria: (1) no history of traumatic brain injury or other significant medical or neurological abnormality, (2) no active psychosis, (3) no MRI contraindications and (4) no known drug or alcohol use within 24 h of any of the study procedures. Members of the TD group were evaluated by licensed clinical psychologists who ruled out the presence of DSM-IV-TR Axis I disorders based on clinical judgment, review of the child's medical history form and parent interview. The current ASD diagnosis was confirmed by expert clinical judgment based on guidelines of Collaborative Programs of Excellence in Autism (NIH), including the Autism Diagnostic Observation Schedule-Generic [38] and Autism Diagnostic Interview-Revised [39] , and with consensus diagnostic agreement between at least two experienced clinicians. Additional details on participant recruitment procedures are provided by Edgar et al. [80] .
In the ASD group, 15 participants were being treated with medications for attention-deficit/hyperactivity disorder (e.g. Concerta or Strattera), 3 participants with 2nd-generation antipsychotics (e.g. risperidone), 10 participants with antidepressants (e.g. Prozac or sertraline) and 1 participant with anxiolytics (buspirone). No participants in the TD group were taking psychotropic medications.
MEG and MRI Data Acquisition
MEG data were recorded continuously using a 306-channel Vector-View system (Elekta-Neuromag, Helsinki, Finland) with a sampling rate of 1,000 Hz and a bandpass of 0.1-330 Hz. Electrooculogram (EOG; vertical EOG on the upper and lower left sides) and electrocardiogram were also obtained. The participants' head position was monitored using four head position indicator coils attached to the scalp.
The amplitude of a 500-Hz tone of 1 s duration was modulated at 40 Hz (modulation depth 100%), binaurally presented with a 4-second interstimulus interval (±2 s) and delivered using a sound pressure transducer through conduction tubing to the ear canal via ear-tip inserts (ER3A; Etymotic Research, Elk Grove Village, Ill., USA). Prior to data acquisition, 500-Hz tones of 300 ms duration and 10 ms rise time were used to obtain auditory thresholds for each ear. Auditory thresholds were initially estimated via stepwise amplitude reduction until participants stopped verbally identifying the presence of the tone. For finetuning, tone loudness was then adjusted within ±10 dB of the preliminary threshold until a final threshold was confirmed (approx. 50% accuracy). For the 40-Hz steady-state task, for each ear, the peak intensity of the steady-state stimuli was presented 45 dB above each participant's hearing threshold. TD and ASD did not differ in left or right auditory threshold values (all p > 0.05). To minimize fatigue, during the task, participants viewed (but did not listen to) a movie projected onto a screen positioned at a comfortable viewing distance.
Following the MEG task, MEG data were corrected for head motion using MaxMove TM , and Maxfilter TM was used for noise reduction using a signal space separation method with a temporal extension (tSSS) [40] . After motion correction and tSSS, artifact correction was applied to remove eye-blink activity as outlined by Roberts et al. [41] using BESA. Non-eye-blink artifacts were rejected by amplitude and gradient criteria (amplitude >1,200 fT/ cm, gradients >800 fT/cm/sample). Artifact-free epochs were then averaged, with MEG data analyzed only from participants with 50+ trials. The number of artifact-free trials did not differ between TD (mean = 122; SD = 22) and ASD (mean = 118; SD = 21), t(88) = 1.04, p > 0.05. 
Source Localization
To coregister MEG and sMRI data, three anatomical landmarks (nasion and right and left preauriculars) as well as an additional 200+ points on the scalp and face were digitized for each participant using a probe position identification system (Polhemus, Colchester, Vt., USA), and an affine transformation matrix that involved rotation and translation between the MEG and sMRI coordinate systems was obtained via a least-square match of the probe position identification points to the surface of the scalp and face.
For all participants, measures were obtained for left and right 40-Hz ASSRs. Given weak 40-Hz ASSRs in many participants (see below), to confirm that the auditory stimuli were heard, measures for left and right M50 responses were also obtained. Specifically, using the 40-Hz steady-state stimuli (i.e. same task), in addition to the 40-Hz ASSR, the M50 response was examined [42, 43] . As the primary generator of both the M50 response and the ASSR is well modeled by single dipoles in left and right HGs and surrounding regions [35-37, 44, 45] , source localization was performed using an anatomical constraint. Thus, after coregistering the MEG and sMRI data, each participant's left and right HGs were visually identified and a dipole source placed at the 'center' of each HG (at an anterior to posterior midpoint, and approx. two thirds from the medial termination of the HG; if two HGs were present, the dipole was placed in between the two HGs). Figure 1 a shows an example of left and right dipole source placement. After placing the left and right dipoles, for each participant, left-and right-STG dipoles were oriented at (1) the maximum M50 response and (2) the maximum ASSR. Thus, estimates of left and right STG activity were obtained using an individualized anatomical constraint, with orientation of the M50 and ASSR dipoles optimized for each participant and evoked component. In particular, M50 dipole orientations were obtained after applying a 2-Hz (24 dB/octave, zero 
Source Time-Frequency Analysis
The calculation of single-trial phase and magnitude for the left and right sources used procedures outlined by Hoechstetter et al. [46] , where in each participant the derived source model was applied to the raw unfiltered data. Each source model was constructed by including left and right HG-oriented sources and the eye-blink source vector derived for each participant to remove eye-blink activity [47, 48] . This final source model served as a source montage for the raw MEG [49, 50] . Examining the source waveforms, transformation from the time domain to the time-frequency domain used complex demodulation procedures [51] implemented in BESA, using frequencies between 4 and 56 Hz in steps of 2 Hz. Continuous data were analyzed relative to tone onset every 25 ms (i.e. each 40-Hz cycle), utilizing ±39.4 ms and ±2.83 Hz (full width at half maximum parameters) of contiguous data at each 25-ms step.
TP and phase-locking measures were extracted from the singletrial complex time-frequency matrix. TP was calculated by averaging the time-frequency spectra of each MEG epoch. When prestimulus power is subtracted, poststimulus TP assesses the poststimulus increase in the magnitude/power of oscillatory activity (temporal spectral evolution). A measure of phase locking referred to as ITC was also computed. ITC is a normalized measure assessing the trial-to-trial similarity of oscillatory activity, with ITC = 1 reflecting no phase variability and ITC = 0 reflecting maximal phase variability across trials.
For the TP and ITC time-frequency t test group comparisons, familywise error was controlled using cluster size thresholds derived from Monte Carlo simulations [52, 53] . The method computes the probability of a random field of noise producing a cluster of adjacent time-frequency cells of a given size after the noise is thresholded at a given probability level and provides a corrected p value. The cluster size needed to obtain the desired familywise correction was determined using a standard functional MRI package (AFNI AlphaSim) and clustering performed with custom MAT-LAB software.
CT Measures
FreeSurfer (http://sufer.nmr.mgh.harvard.edu) uses intensity and continuity sMRI information in segmentation and deformation procedures to obtain CT measures, calculated as the closest distance from the gray/white to gray/cerebral-spinal-fluid boundary at each vertex on the tessellated surface [54] . Using FreeSurfer, from each participant sMRI was processed to obtain STG CT measures using the procedures outlined by Edgar et al. [55] . CT measures for HG, planum temporale and the lateral aspect of the STG were obtained. STG gray-matter CT data from 12 participants were excluded due to excessive motion. To reduce the chance of type I error, in each hemisphere an average left and right STG CT score was calculated, i.e. for each hemisphere: (HG + planum temporale + lateral aspect)/3.
For all analyses, participants more than 2.5 standard deviations from the mean were excluded (typically 1-2 participants per analysis).
Results

Demographics
As shown in table 1 , groups did not differ in age or IQ. As expected, ASD participants had higher SRS (Social Responsiveness Scale) scores [56] than TD participants.
Source Localization (M50 and ASSR)
Goodness of fit (GOF), computed using all MEG sensors, did not differ between TD and ASD for M50 (peak of response; TD mean = 70%, SD = 13.5; ASD mean = 70%, SD = 14.6; p > 0.05) or the 40-Hz ASSR (peak from 300 to 900 ms; TD mean = 51%, SD = 12.4; ASD mean = 50%, SD = 9.8, p > 0.05). The above M50 GOF values are similar to those observed in auditory studies using a twodipole source model and modeling activity at all MEG sensors [26, 53, 57] . Exploratory hierarchical regression analyses examined associations between GOF and age (regression model with age entered first, group second and interaction term last). For M50, no main effects or interactions were observed (all p > 0.05). For 40-Hz ASSR, a main effect of age, F(1, 88) = 5.78, p < 0.05, indicated larger GOF values in older than younger participants, with a trend interaction term, F(1, 86) = 2.34, p = 0.13, suggesting a stronger age-related association in TD (r = 0.37) versus ASD (r = 0.12).
ANOVAs examined group and hemisphere differences in dipole location. No main effects or interactions were observed in the 'x' direction. In the 'y' direction, a main effect of hemisphere, F(1, 88) = 67.75, p < 0.001, indicated more posterior dipole locations in the left than the right (4.09 mm difference). In the 'z' direction, simple effect analyses of a group × hemisphere interaction, F(1, 88) = 3.88, p < 0.05, showed similarly located left and right 'z' position dipoles in TD versus more inferior left than right dipoles in ASD (2.94 mm). In a majority of participants, 40-Hz ASSR dipole orientations were 'random' given a weak or no observable 40-Hz ASSR. As a demonstration, although the M50 and ASSR generators are thought to be similarly located and thus similarly oriented ( fig. 1 b) , variability across participants in azimuthal dipole angle Given that in many participants 40-Hz ASSRs were weak or not present, and given anatomic similarity in M50 and ASSR generators [35] [36] [37] [58] [59] [60] , 40-Hz ASSR TP and ITC estimates were obtained using the more reliable M50 source model. Figure 2 shows grand average TP maps for the TD ( fig. 2 a) and ASD groups ( fig. 2 b) , with uncorrected statistical maps shown in figure 2 c. The region surviving familywise correction is highlighted in gray and with an asterisk. No 40-Hz ASSR group differences were observed. In the left STG, from 100 to 200 ms, significantly increased 8-to 20-Hz activity was observed in ASD versus TD. Figure 3 shows grand average ITC maps for the TD ( fig. 3 a) and ASD groups ( fig. 3 b) , with uncorrected statistical maps shown in figure 3 c. No pre-or poststimulus ITC group differences survived familywise correction.
Source Time-Frequency Analyses
To more directly focus on the 40-Hz ASSR, repeatedmeasure ANOVAs examined hemisphere and group differences for the 40-Hz ASSR, using a single 40-Hz ASSR TP and ITC measure per hemisphere and per participant, computed as the average TP or ITC in a 300-to 900-ms and 38-to 42-Hz region of interest. For TP, a significant main effect of hemisphere, F(1, 88) = 3.91, p < 0.05, indicated greater right than left TP. For ITC, a main effect of hemisphere, F(1, 87) = 11.60, p < 0.01, indicated greater right than left ITC. Finally, given previous findings of early transient γ group differences to auditory stimuli in children and adolescents with ASD [52] , and given that the uncorrected TP and ITC statistic maps suggested transient γ group differences (i.e. right-hemisphere blue voxels of 50-100 ms and 30-50 Hz), exploratory analyses examined group differences using a single TP and ITC measure per hemisphere and per participant, computed as the average TP or ITC in a 50-to 100-ms and 30-to 50 Associations between STG Gray-Matter CT and 40-Hz TP and ITC A group × hemisphere ANOVA on STG gray-matter CT showed no main effects or interactions (all p > 0.40). For gray-matter CT, a significant main effect of age in left STG, F(1, 76) = 7.93, p < 0.01, indicated decreased left STG gray-matter CT in older than younger participants (r = -0.31; interaction term not significant). Although the association was in the expected direction, right STG graymatter CT was not associated with age (r = -0.14, p = 0.23). Left and right CT was not associated with left or right 40-Hz TP or ITC. It is unclear why the 40-Hz ASSR does not fully develop until early adulthood. In the present study, the observation of M50 and M100 auditory responses in almost all participants demonstrated that participants heard (and had cortical responses to) the 40-Hz auditory steady-state tones. The development of deep layers (lower layers III-VI) in the auditory cortex occurs between 6 months and 5 years of age [61] , whereas the superficial layers (upper layers III and II) continue to mature until about 12 years of age [62, 63] . Based on this, researchers have hypothesized that the 50-ms auditory response reflects recurrent activation in layers III and IV, the termination zone of thalamocortical pathways that are almost fully developed by 6 years of age. There is disagreement whether the 40-Hz ASSR is due to the superposition of transient responses (i.e. successive M50 responses or successive transient γ responses) or is instead a true resonance phenomenon. Present findings support the latter; in particular, whereas in this study M50 responses were observed in almost all participants, ASSRs were generally absent, lending support to the claim that the transient γ response (part of M50) and the ASSR are distinct. Other evidence in support of this distinction is the different behavior of the transient γ responses and ASSRs in relation to interstimulus intervals [37] .
Poulsen et al. [34] speculate that the late development of ASSRs indicates continued refinement in the ability of the auditory cortex to respond to rapid temporal information carried by auditory stimuli. They interpreted their finding of weaker 40-Hz ASSRs in 10-year-old children versus adults in the left but not right STG as support for this hypothesis, with these findings suggesting a more slowly (i.e. more plastic) developing language-dominant left hemisphere. In the present study, the observation of stronger 40-Hz ASSRs in the right than left STGs also suggests earlier development of right than left auditory areas. Of note, however, maturation of γ rhythms during adolescence does not appear to be specific to the auditory cortex. For example, Gaetz et al. [64] observed greater movement-related motor cortex γ synchrony in adolescent (11-13 years) versus younger children (4-6 years), suggesting a more general phenomenon. Maturation of neural oscillatory activity is, of course, observed in frequencies below γ [65] [66] [67] , with a recent translational study (human and rat) suggesting that increased neural synchrony may be a general feature of neural network maturation [68] .
Late development of 40-Hz ASSRs could reflect incomplete development of auditory cortex areas due to continued neural pruning through late adolescence [69] . There is also evidence that GABAergic inhibitory interneurons mature relatively late in development [70] , and thus with the neural networks needed to support 40-Hz activity developing only at later stages of brain development. Whereas in the present study no associations were observed between gray-matter CT and 40-Hz ASSR TP or ITC, Edgar et al. [26] found that in healthy adult controls STG gray-matter CT accounted for ∼ 13% of the variance in STG 40-Hz ASSR TP and ∼ 16% of the variance in 40-Hz ASSR ITC. The lack of a function-structure relationship in the present study may be due to the fact that the relationships observed in their study are not observed in younger populations, perhaps due to the fact that the gray matter changes associated with 40-Hz ASSR activity in children and adolescents, such as neural pruning and maturation of inhibitory interneurons, are largely 'invisible' to sMRI. Absence of function-structure associations may also be due to the fact that in many participants the ASSR was weak and thus difficult to accurately measure, with 'inaccurate' ASSR TP and ITC measures precluding the ability to observe associations with gray matter. Of note, however, similar to the age and STG gray-matter correlations in the adult group studied by Edgar et al. [26] , in the present study, an association between age and left STG gray-matter CT was observed, with present findings thus consistent with Gogtay et al. [71] , who showed gray-matter CT decreases in children and adolescents. In the present study, given that 40-Hz ASSRs were weak and thus in a majority of participants it was not possible to obtain optimal orientation for the 40-Hz ASSR, 40-Hz ASSR TP and ITC measures were obtained using the M50-oriented dipoles. As previously noted, given that the STG areas generating the M50 and 40-Hz ASSR are spatially close [37] , M50 sources provided a reasonable estimate of 40-Hz ASSR activity. In addition, comparison of M50 and ASSR dipole orientations in the participants showing a stronger 40-Hz ASSR (as estimated by higher GOF) showed M50 and 40-Hz ASSR dipole orientations were similar, providing additional support for using the M50 sources to model 40-Hz steady-state activity. In fact, the present findings indicate that the use of anatomical constraints with M50-oriented sources may be an optimal approach, as the use of single dipole or distributed source localization routines to localize 40-Hz ASSRs in children and adolescents are not likely to succeed in a majority of younger participants given weak ASSRs. A similar observation was made by Rojas et al. [32] -in a large number of the TD participants ( ∼ 30%) ASSR signal-to-noise ratios were deemed insufficient for source localization, with most of the participants excluded from source localization being the youngest participants [pers. commun.].
In contrast to study hypotheses and prior findings, and given the strong caveat that 40-Hz auditory steady-state neural networks are not fully developed and thus are poorly assessed in children and adolescents, the present findings did not indicate 40-Hz ASSR abnormalities in this group of children with ASD. Indeed, children with ASD showed the same rate of development of ASSRs as controls, with regressions showing in TD and ASD participants a ∼ 0.01/year increase in ITC. The present findings thus differ from those of Wilson et al. [27] , who observed decreased left 40-Hz ASSRs in ASD than TD children. Differences between the present study and their study are perhaps due to the fact that they examined a group of children with ASD (mean age = 12.35 years; SD = 3.02) slightly older than the children with ASD in the present study (mean age = 10.6 years, SD 1.5), and thus a population with slightly stronger ASSRs. Study differences may also be due to the fact that they examined a more impaired group of children with ASD (mean IQ = 92; SD = 25) than the children with ASD in the present study (mean IQ = 107, SD = 23). Although differences may also be due to the fact that the present study used 40-Hz amplitude-modulated tones and Wilson et al. [27] used 40-Hz click trains, the weak click train 40-Hz ASSRs in children and adolescents reported by Rojas et al. [32] suggest that study differences are not due to stimulus differences.
Although groups did not differ regarding 40-Hz auditory steady-state activity, there was evidence for group differences in transient γ activity (50-100 ms, 30-50 Hz), with transient γ TP and ITC (trend) group differences observed in the right STG. The present findings thus generally replicate those of Edgar et al. [52] , with less prominent findings in the present study perhaps due to our slightly younger study population compared with that of Edgar et al. [52] (the participants examined in the study by Edgar et al. [52] and the present study were completely distinct populations). Indeed, a recent longitudinal study showed TD and ASD γ group differences were more prominent in older than younger populations [72] .
Finally, although not a focus of the study, time-frequency analyses showed increased left STG 100-to 200-ms poststimulus 8-to 12-Hz TP in ASD versus TD participants. This finding likely reflects a delay in ASD in the typical maturational decrease in the strength of later auditory responses such as the M200.
Limitations
Although the MEG data were eye-blink corrected and trials with large amplitude and gradient artifacts were removed, it is possible that low-amplitude muscle artifact contaminated auditory cortex γ measures. This, however, is considered unlikely, given that this was a passive task and thus no task-related muscle artifact (as such, there was no need to collect neck or jaw activity using electrodes [73] ), and the examination of γ activity in source space helped to improve signal as well as reduce muscle-related artifact [74, 75] . Two additional points are of note: (1) contamination of γ activity by muscles is primarily a problem when examining nonphase-locked or induced activity (e.g. visual γ-band studies) versus the highly phase-locked 40-Hz steady-state γ response, and (2) contamination of γ from microsaccades is more a problem in visual versus auditory studies. Finally, it is of note that although studies show significantly larger 40-Hz ASSRs to attended than unattended sounds [76] [77] [78] , Herdman [79] found that attention to 40-Hz auditory steady-state stimuli modulated the 40-Hz ASSRs in adults but not children ( ∼ 12 years old).
Conclusions
The 40-Hz ASSR develops, in part, via an age-related increase in neural synchrony. Given a ∼ 0.01/year increase in ITC, 40-Hz ASSRs were weak or absent in many of the younger participants, suggesting that 40-Hz driving stimuli are not optimal for examining STG 40-Hz auditory neural circuits in younger populations. Given the caveat that 40-Hz auditory steady-state neural networks are poorly assessed in children, the present analyses do not point to atypical development of STG 40-Hz ASSRs in higher-functioning children with ASD. Although groups did not differ in 40-Hz auditory steady-state activity, replicating previous studies, there was evidence for greater right STG transient γ activity in TD versus ASD (50-100 ms, 30-50 Hz).
